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Abstract To study the qualitative changes in testis
tissue after aluminum chloride (AlCl3) administration
and to determine whether citric acid (CA) has a pro-
tective effect against testis damage induced by AlCl3.
In this study, 80 Kunming white mice were randomly
separated into eight groups: (1) control, (2) CA (120
mg/kg), (3, 4 and 5) AlCl3 (20, 40 and 60 mg/kg), (6, 7
and 8) AlCl3 (20, 40 and 60 mg/kg) plus CA (120 mg/
kg). After animals were killed, all testes were histopa-
thologically examined under light microscopy; T-
SOD and GSH-Px activities, H2O2 and MDA contents,
and Bax and Bcl-2 levels were detected with the cor-
responding assay kits; DNA fragmentation were elec-
trophoretically examined. Histopathological results
indicated that AlCl3 severely damage to mouse testis
tissues, however, the protective effects on testes was
observed when AlCl3 combined with CA. Biochemi-
cal examination suggested that T-SOD and GSH-Px
activities significantly decreased (P⁄0.05) in AlCl3

groups, while remarkably improved in CA++AlCl3

(especially middle and high dose groups) groups; H2O2

and MDA levels in higher-dose AlCl3 groups were
obviously higher (P⁄0.05) than in CA++ correspond-
ing dose AlCl3 groups. Cell apoptosis assays showed
that Bax/Bcl-2 ratio in higher-dose AlCl3 groups were
higher than CA++ higher-dose AlCl3 groups; and DNA
fragmentation in middle-dose AlCl3 groups was much
more apparent in CA++ middle-dose AlCl3 groups. It
can be concluded that a certain concentration of AlCl3
exerts a reproductive toxicity to mice, and administra-
tion of citric acid can reduce the adverse effects of
AlCl3 on testis.
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Aluminum (Al), one well-known metal element, is ubi-
quitously distributed in the environment1. This metal
element is usually introduced to living organisms thro-
ugh food and drinking water. About 60% of aluminum
absorbed by the body is removed from the body in the
form of liquid urine, and the remainder is mainly dis-
charged with the feces. Normally, an amount of alu-
minum might be contained but not accumulated in the
body, thus not harmful to the body. However, with an
increasing intake of metallic aluminum along with
food or water, more and more researches have unifor-
mly demonstrated that a prolonged accumulation of
aluminum in the body exerts toxic effects on male re-
productive system2. For instance, the impaired yield
of spermatogonial cells after gavage administration of
Al sulphate to rats has been reported in the study of
Roy et al.3. Llobet et al. intraperitoneally injected alu-
minium nitrate into male mice and observed a signifi-
cant reduction in the body and testicular weights, and
some spermatocytes and spermatids also showed signs
of necrosis4. Guo et al. found that subcutaneous admi-
nistration of aluminum chloride (AlCl3) resulted in a
significant decrease in body weight and reproductive
organ weight, the higher percentage post-implanta-
tion loss, and an severely impaired spermatogenesis
within the seminiferous tubules5. Schrag and Dixon
reported that rats received daily hypodermic injection
of AlCl3 for two weeks and showed the decreased
sperm quality, the abnormal sperm morphology and
the testicular dysfunction, which confirmed aluminum
toxicity to reproductive organs6. As already pointed
out, the type of Al compound play a critical part in
determining the degree of aluminum toxicity: toxicity
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of aluminum salt (i.e., Al chloride, Al sulphate) is the
strongest, the next is anion-Al compounds, and the last
is organic aluminum complex (i.e., Al citrate). Indeed,
in the experiments by Malekshah and his coworkers, a
single dose of AlCl3 administered to a pregnant mouse
caused fetal death and external anomalies in the fetus,
whereas, Al citrate treatment exerts no adverse effects
on general reproductive system7. However, the opini-
ons on its toxic effects might be debatable because
some studies show the toxic effects of Al citrate. For
instance, in research about absorption, translocation,
storage and distribution of aluminium in the body,
Biyah and his colleagues demonstrated that citrate not
only stimulated the intestinal absorption of Al but also
induced Al accumulation within the cells8. The similar
results have been obtained by Slanina et al. in 1985 as
early who found an enhanced Al absorption and signi-
ficantly increased serum Al concentration after treat-
ed with citric acid, and the resulting damage to the
body9. Citric acid (CA, or called citrate) is a slightly
stronger acid than typical carboxylic acids. In cellular
metabolism, citric acid is the starting molecule in cit-
ric acid cycle essential for ATP production in the cell.
Aerobic glycolysis has been generally accepted as a
metabolic hallmark of cancers that depends on glycol-
ysis to generate energy. Thus, glycolysis inhibition
can low energy output required for neoplastic cell.
And citrate (or citric acid itself) is thought of as the
most effective inhibitor of glycolysis, whose ability to
fight cancer by blocking glycolytic pathway has been
reported in the literatures10,11. In vivo and in vitro stud-
ies have showed that CA or citrate has a protective
role against many types of cancer12. According to ex-
perimental studies, the tumor-inhibiting mechanism
of citric acid may be as follows: citrate can inhibit the
expression of hypoxia-inducible transcription factor 1
(HIF-1), which in turn decreases the expressions of
glucose transporters (e.g., glucose transporter 1), inhi-
bitors of mitochondrial metabolism, and glycolytic
enzymes including phosphofructokinase (PFK) block-
ing glycolysis at the start, pyruvate dehydrogenase
(PDH) locating in the mitochondrial matrix, succinate
dehydrogenase of citric acid cycle13,14. And the block-
ed production of glycolytic and citric acid cycle inter-
mediates in cancer cells cause a decrease in ATP sup-
ply and furthermore triggers the intrinsic apoptosis
pathway, and finally leads to cell death12. Stated thus,
the administration of aluminum alone can adversely
affect testis tissue in animals, and the mechanisms of
aluminum toxicity have not yet been fully illuminated.
Whether the combination of Al with citric acid can
harm reproductive organ or not is still a matter of opin-
ion. Therefore, this study was especially designed to
investigate whether CA a protective effect against

aluminum-induced reproductive toxicity. With these
aims, the testis tissues were assayed by histological,
biochemical and molecular biological methods after
AlCl3 and CA exposure.

Structural changes in mice testicular tissue 

Light microscope (LM) examination of tissue sections
of control animals stained with hematoxylin and eosin
(HE) clearly illustrated the orderly arrangement of
spermatogenic cells inside the seminiferous tubule of
testis together with a normal presentation of interstitial
cells (Figure 1A). In addition, testis structure didn’t
significantly change after treated with citric acid except
for the loose arrangement and detachment of a few
spermatogenic cells (Figure 1B). In comparison to the
control group and CA group, LM examination of HE-
staining testis of AlCl3-treated animals revealed that
seminiferous tubules was reduced in number; the base-
ment membrane of many tubules was decayed or irreg-
ularly-shaped in appearance; some tubules appeared
with wide lumen, and even entirely without spermato-
cytes and filled with vacuoles. Most tubules appeared
with distorted and necrotic spermatocytes, the reduced
number of spermatogonia, secondary spermatocytes
and spermatids (Figure 1C-1E). Based on the results of
HE staining, testicular tissues showed the dose-depen-
dent damage after Al treatment. While, LM examina-
tion of HE-staining testis of peritoneally injected mice
with AlCl3 plus citric acid illustrated much milder his-
topathological changes than the corresponding AlCl3

dose-treated mice, suggesting that citric acid can re-
duced the toxic effect of Al on testicular tissue (Figure
1F-1H).

Changes in antioxidant enzymes activities and free
radical metabolites contents in mouse testis

According to the results of antioxidant enzyme activity
assay, in contrast to the normal group, SOD and GSH-
Px activities lowered significantly (P⁄0.05) in mouse
testis after treated with CA or AlCl3 individually or in
combination. Furthermore, comparing with AlCl3 plus
CA-treated groups, AlCl3 administration led to a sig-
nificant (P⁄0.05) inhibition of activities of these two
antioxidant enzymes in male mouse, suggesting that
the animals responded more favorably to the treatment
with AlCl3 individually compared to the combined
treatment with AlCl3 and CA (Table 1). In additional,
effect of CA, AlCl3 either alone or in combination on
H2O2 and MDA contents was detected. As shown in
Table 1, H2O2 and MDA levels in the groups treated
with CA, low dose of AlCl3 alone or with CA were not
statistically (P¤0.05) different from that in the control
group. But levels of these two metabolites were elevat-
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Figure 1. HE staining indicating the influence of citric acid, Al either alone or in combination on testicular tissue structure in
mice.



ed significantly (P⁄0.05) in response to middle, high
dose of AlCl3 alone or in combination with CA when
compared to the control and CA-treated group. How-
ever, H2O2 level in male mice treated with CA com-
bined in higher (middle and high dose) AlCl3 dose was
much lower (P⁄0.05) than that in the mice treated
with corresponding doses of AlCl3 alone. Comparing
to AlCl3 treatment alone, MDA contents had a decre-
ase in response to AlCl3 plus CA. Results indicated
that higher doses of AlCl3 alone or with CA can cause
an increase in the levels of H2O2 and MDA in testis
tissue, but the combination of AlCl3 with CA can sig-
nificantly inhibit the increase in H2O2 level and lipid
peroxidation of cellular membrane induced by AlCl3

in mouse testis.

Changes in levels of Bax and Bcl-2 expressions in
mouse testis

The influence of administration of AlCl3 without or
with CA on Bax and Bcl-2 expression in the testis of
mice was evaluated using enzyme linked immunosor-
bent assay (ELISA) method, and the results showed
that Bax level of mouse testes in response to any dos-
age of AlCl3 were higher than that in the control and
CA-treated groups, or much higher (P⁄0.05) in respo-

nse to middle or high dose of AlCl3. Although still high-
er than the control and CA-treated group, Bax level in
any AlCl3 dose plus CA-administered group showed
a decrease in contrast to the groups treated with the
corresponding dose of AlCl3 alone. Furthermore, com-
pared to high-dose AlCl3 group, there was an obvious-
ly decreased (P⁄0.05) expression of Bax after treated
with high dose AlCl3 along with CA. As for Bcl-2, its
expression level was depleted in response to any doses
of AlCl3 alone in contrast to the control and CA-treat-
ed groups. However, Bcl-2 level in mouse testis was
slightly increased in response to the corresponding
dose of AlCl3 along with citric acid, albeit still lower
than in the control and CA-treated groups. According
to above statement, in contrast to the control and CA-
treated groups, Bax/Bcl-2 ratio was increased in respo-
nse to AlCl3, or even significantly increased (P⁄0.05)
in response to higher doses of AlCl3. Whereas, this
ratio was significantly lower (P⁄0.05) in response to
CA ingested with higher doses of AlCl3 when compar-
ed to AlCl3 alone.

DNA damage in mouse testis

To confirm whether citric acid can impair the toxic
effect of aluminum on mouse testicular cells, the sam-

446 Mol Cell Toxicol (2014)  10:443-450

Table 1. Effect of CA, AlCl3 individually or in combination on activates of T-SOD and GSH-Px and levels of H2O2 and MDA in
male mice.

Groups T-SOD GSH-Px H2O2 MDA
(U/mg) (U/mg) (mmol/gprot) (nmol/mgprot)

Control 159.28±3.11a 27.51±1.70a 8.52±0.49a 1.50±0.08a

CA 149.74±4.50b 22.49±2.46b 8.45±0.40a 1.54±0.15a

Low AlCl3 dose 122.92±6.60c 19.60±2.50bc 9.06±0.27abc 1.67±0.16bc

Middle AlCl3 dose 108.65±4.79d 12.73±2.47e 10.35±0.11b 1.75±0.17c

High AlCl3 dose 107.26±6.34d 13.88±3.90de 10.72±0.27b 1.71±0.19bc

Low AlCl3 dose++ CA 119.66±6.21c 20.53±3.09bc 8.83±0.13a 1.57±0.11abc

Middle AlCl3 dose++ CA 128.69±9.79c 19.63±1.98bc 9.34±0.17cd 1.53±0.09abc

High AlCl3 dose++ CA 126.27±6.15c 17.35±5.20cd 9.53±0.42cd 1.54±0.12ab

Notes: Different superscript lowercase letters within the same column mean statistical significant difference between groups (P⁄0.05), same
superscript lowercase letters mean insignificant difference between groups (P¤0.05).

Table 2. Effect of CA, AlCl3 individually or in combination on levels of Bax and Bcl-2 expressions in testis of mice. 

Group Bax (μg/L) Bcl-2 (μg/L) Bax/Bcl-2

Control 11.271±0.225a 105.521±8.419a 0.107±0.004a

CA 11.529±0.243a 94.702±4.230b 0.122±0.002b

Low AlCl3 dosage 11.805±0.332a 93.451±0.876b 0.126±0.003b

Middle AlCl3 dosage 14.329±0.464c 88.531±3.596c 0.162±0.011d

High AlCl3 dosage 19.434±0.868e 84.278±3.995c 0.231±0.001f

Low AlCl3 dosage plus CA 11.659±0.271a 95.765±3.575b 0.122±0.004b

Middle AlCl3 dosage plus CA 13.209±0.322bc 88.427±1.735c 0.149±0.001c

High AlCl3 dosage plus CA 17.757±0.795d 85.071±0.501c 0.208±0.008e

Notes: Different superscript lowercase letters within the same column mean statistical significant difference between groups (P⁄0.05), same
superscript lowercase letters mean insignificant difference between groups (P¤0.05).



ples separately from the control, CA-treated, middle
AlCl3 dose group, and middle AlCl3 dose plus CA
group were picked out for DNA laddering assay. The
result (Figure 2) revealed that DNA laddering, which
is indicative of apoptotic events, occurred in testicle
samples from three treated groups, and cell apoptosis
from the control sample was not detected (Lane 1). In
detail, DNA laddering was much more apparent in re-
sponse to middle dose of Al (Lane 3) than that in respo-
nse to middle dose of Al with CA as well as CA alone.

Discussion

Al and Al compounds are highly toxic agents that cause
reproductive toxicity in animal testis tissues15,16. So it
becomes very necessary for people to look for protec-
tive substances against reproductive toxicity of Al and
Al compounds. The present work studied the influence
on structures and functions of mouse testis after treat-
ment with aluminum chloride alone or in combination
with citric acid by using light microscopic examination
and biochemcial analyses. In this study, light micro-
scopic examinations showed that the injection of AlCl3
alone resulted in the acute structural and histopatho-
logical changes in mouse testis, such as wrinkled sem-
iniferous tubules shrank with the thin tubular mem-
branes, the destruction of seminiferous epithelium, the
reduced amount of various spermatogenic cells, the
disordered arrangement of spermatogenic cells and
even with an obvious necrosis, which suggested that
aluminum exerted substantial damage on reproductive
function (e.g., spermatogenesis) of male mice. Further-
more, the higher concentration of AlCl3 is, the more
serious injury on the structure of testicular tissue. The

deformed morphology of testes recorded in our study
came in consistence with the observations of Zhang et
al.17. They recorded the damaged appearance in semi-
noma cell nuclear and the decreased number of prima-
ry spermatocytes with reduced nuclear size in rats fol-
lowing treatment with high dose of aluminum. These
searchers attributed this negative influence of AlCl3

on spermatogenesis in testis tissue to direct injury of
seminiferous tubules by AlCl3. It is possible to apply
this explanation into the present study. Another reason
might be thought to inhibit the production of androgen
synthase by AlCl3. Guo et al.’s experiments indicated
that chronic Al chloride administration induced an
accumulation of Al in testis, disturbed synthesis of
androgen synthase, thus lowering testicular testoster-
one levels, finally causing the disorder of testicular
spermatogenic function and the occurrence of various
histopathological changes, which inferred that alumin-
um chloride can adversely affect the reproductive func-
tion of male animals18. Similarly, in the findings of
Llobet et al., aluminum chloride treatment has severe
toxic effects on mouse’s body, including presence of
oedematous fluid in the tissues, irregularity of germ
cell layers, pyknosis of nuclei, giant cells and degen-
eration with clear necrotic debris in tubules19. In the
experiments carried out by Guo et al., testicular tissues
showed the dose-dependent and severe spermatogene-
tic impairments which were seen as necroses in sper-
matid cells and spermatozoa within the seminiferous
tubules at 5 weeks of AlCl3 treatment5. Generally, the
structural changes in testis tissue reported in these stud-
ies are partly in agreement with the observations of
our study. However, compared to treatment with AlCl3
alone, the degree of testicular damage was relieved to
some extent after the combined administration of
AlCl3 and CA, implying that treatment with this organ-
ic acid was effective in reducing toxic effect of Al on
reproductive system. Coincidentally, our result was
similar to findings from the study by other investiga-
tors that mice showed sperm abnormality on inorgan-
ic aluminum salt administration, but were not influenc-
ed on Al citrate treatment7. But just it is not enough
to prove the impact of citric acid on reproductive
toxicity of aluminum simply by means of histopatho-
logical examination of testis tissue, therefore, other
parameters are required to test the effects of Al alone
or along with CA, such as activities of antioxidant
enzymes and levels of free radical metabolites which
are indicative of oxidative injury of testis, and the lev-
els of Bax and Bcl-2 expression as well as DNA lad-
dering assessing cell apoptosis. As well-known, vari-
ous reactive oxygen species (e.g., H2O2) are generated
during xenobiotics metabolism in the body. If not ter-
minated fast enough by enzymes such as antioxidant
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Figure 2. Testicle cells apoptosis measured by DNA Ladder
Assay. Four samples representing four different treated groups
were loaded in the corresponding lanes. Electrophoresis was
performed on 1.2% agarose gel. 1: control; 2: CA-treated
group; 3: Middle AlCl3 dosage group; 4: CA plus middle AlCl3

dosage group.



enzymes including SOD, GSH-Px, there will be dam-
age to cell membrane-locating lipids known as lipid
peroxidation, which in turn destroys the structure and
function of cell membranes. Meanwhile, as one of the
final products of fatty acids peroxidation, Overproduc-
tion of MDA in the tissue reflects an increase in free
radicals. Therefore, H2O2 and MDA levels are com-
monly known as the markers of oxidative stress and
the antioxidant status. In the present study, the results
showed that there was no significant change in H2O2

and MDA levels (P¤0.05) after treatment with CA,
low dose of AlCl3 alone or with CA in contrast to the
control, whereas SOD and GSH-Px activities lowered
significantly (P⁄0.05) in mouse testis after suffering
the same treatment. As remarked above, in our work,
it appeared that a decrease in antioxidant enzymes ac-
tivities after administrating low dose of AlCl3 did not
have obvious impact on scavenging H2O2 and damag-
ing lipid structure, that is to say, low AlCl3 dosage did
not cause a remarkable damage to mice testis. Additio-
nally, in this research, after treated with middle (40 mg
AlCl3/kg), high (60 mg AlCl3/kg) dose of AlCl3 alone,
there was a remarkable increase in MDA and H2O2

levels (P⁄0.05), and an obvious decrease in T-SOD
and GSH-Px activities (P⁄0.05) when compared to
control and CA-treated groups, which indicated an oxi-
dative stress following free radical generation induced
by aluminum in certain dosage. The observation partly
coincided with the results of Liu et al. that activities
of serum SOD and GSH-Px correlated negatively with
Al levels, in other words, SOD and GSH-Px activities
in Al-loaded groups suffered the gradual reduction
with the increase of Al intake20. Our results also sug-
gested that, compared to treatment with a higher dose
of AlCl3 alone, a combined administration of the cor-
responding AlCl3-dose and CA reduced some bio-
chemical variables (particularly H2O2 (P⁄0.05)) indi-
cative of oxidative stress. This is perhaps due to the
tendency of CA binding aluminum to form Al citrate
complex that can easily be eliminated through urine.
Also, citric acid may act as an adjuvant that might
help in removing aluminum from the deposit site. It is
possible that this removal may cause the moderately
decreased oxidative stress in testis tissue. This hypo-
thesis is supported by the observations that citrate
significantly enhanced plasma contents and excretion
of aluminum in rabbits21. As stated previously, if oxi-
dants such as hydrogen peroxide couldn’t be cleared
due to the low activities of antioxidant enzymes such
as T-SOD or GSH-Px, subsequently, lipid superoxida-
tion and cell apoptosis would be triggered. So, we fur-
ther examined the alteration of Bax and Bcl-2 expres-
sions, and the degree of DNA damage, indicative of
cell apoptosis, thus finding out the underlying mech-

anism of the toxic effect of Al on testis tissue. As pop-
ularly accepted, whether a cell becomes committed to
apoptosis partly depends on the balance between pro-
apoptotic proteins (like Bax) and anti-apoptotic pro-
teins (like Bcl-2). Bax overexpression can accelerate
cell death, an effect that is associated with formation
of Bax/Bax homodimers. Conversely, Bcl-2 overex-
pression can repress the pro-death function of Bax,
which is associated with formation of Bcl-2/Bax het-
erodimers. Thus, Bax/Bcl-2 ratio becomes a crucial
determinant of the fate of a cell toward survival or
apoptosis. It is generally accepted that the higher Bax
/Bcl-2 ratio, the lower cell survival rate. For instance,
in Wang et al.’s study on the effect of AlCl3 on apop-
tosis of rat hippocampus cells and the relationship
between apoptosis and expression of Bcl-2 as well as
Bax, and result showed that, with the increasing dosage
of Al treatment, apoptotic index of the neurons became
higher, accompanied by the significantly increased Bax
expression, significantly decreased Bcl-2 expression
and the higher Bax/Bcl-2 ratio. Accordingly, they con-
cluded that aluminum might induce hippocampus cell
apoptosis in rats through up-regulating Bax and down-
regulating Bcl-222. Our study also observed the similar
result that there was a gradually increasing expression
of Bax and a gradually decreasing expression of Bcl-
2 in testis tissue of mice with the increasing dosages
of AlCl3, also indicating a dose-effect relationship
between them. However, we found that inhibition of
Bcl-2 expression was improved and upregulation of
Bax expression was attenuated after treatment of Al
with citric acid when compared to Al treatment alone,
and this change was especially evident for high dose
group. At the same time, the combined administration
of higher dose AlCl3 and CA resulted in a marked re-
duction in Bax/Bcl-2 ratio compared to the correspond-
ing dose of AlCl3 alone. In this connection, it could
be considered that citric acid can form complexes with
Al and thus reduce the inductive effect of this metal
on cell apoptotic death. Since the exposure of cells to
cytotoxic agents is often associated with morphologic
changes of apoptosis and, in some cases, DNA frag-
mentation, in this study, DNA laddering assay was
performed on the testes samples. Also, based on above
biochemical test result that low dose of AlCl3 did not
cause a remarkable damage to mice testis, and higher
dose of AlCl3 exerted obviously damage to testis tissue;
however, there is no significant difference in free radi-
cal metabolite levels and antioxidant enzyme activities
between middle dose group and high dose group.
Therefore, in this study we choose the testes samples
from control, CA, middle AlCl3 dose, and middle AlCl3
dose plus CA groups to have a DNA ladder test. We
observed the formation of DNA laddering in testicle
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samples from other three treated groups except the con-
trol, suggesting that cell apoptosis occurred in respo-
nse to citric acid, Al either individually or in combina-
tion. Whereas, DNA laddering was much more appar-
ent in response to middle Al dose than that in response
to middle dose of Al with CA as well as CA alone, re-
confirming the conclusion drawn from our data above.
In summary, the present study suggests that the higher
doses of AlCl3 can produce toxic effects on mouse
testis possibly through directly damaging the structure
of testicular tissue, inhibiting the activities of antioxi-
dant enzymes, and inducing cell apoptosis; whereas,
citric acid can decrease to some extent the toxicity of
Al on testis. Thus, it can be concluded that CA could
be a potential antidote for aluminum accumulation.

Materials & Methods

Chemicals and reagents

Citric acid were purchased from Tianjin Fu Chen Che-
mical Reagents Factory (Tianjin, China). Aluminum
chloride was obtained from Tianjin Damao Chemical
Reagent Factory (Tianjin, China). T-superoxide dismu-
tase Assay Kit, Glutathione Peroxidase Assay Kit, Hy-
drogen Peroxide Assay Kit and Maleic Dialdehyde
Assay Kit were bought from NanJing JianCheng Bio-
engineering Institute (NanJing, China), and Bcl-2, BAX
Elisa Kits were from Beijing Dingguo Changsheng
Biotech Co. Ltd (Beijing, China). 

Chemical administration to animals 

In this study, 80 adult male Balb/C albino mice, weigh-
ing 20-24 g, obtained from the Animal Center of Medi-
cal School of Henan University of Science and Tech-
nology (Admission number of animal use: SYXK
(Henan) 2008-0105). Animals were housed in stainless
steel cages in an air-conditioned room, and allowed
free access to feed and water during the whole period
of the experiment that lasted on the 28th day. All ex-
periments were strictly done in accordance with the
Guidance Suggestions for the Care and Use of Labo-
ratory Animals, issued by the Ministry of Science and
Technology of China. 

These animals were randomized into eight groups,
each with 10 mice, including control (0.9% saline),
120 mg CA/kg, 20 mg AlCl3/kg, 40 mg AlCl3/kg, 60
mg AlCl3 /kg, 20 mg AlCl3/kg++120 mg CA/kg, 40 mg
AlCl3/kg++120 mg CA/kg, and 60 mg AlCl3/kg++120
mg CA/kg body weight, respectively15. Animals in
each group received the peritoneal injection of corre-
sponding reagents once a week for 3 weeks. The same
volume of 0.9% saline solution was given as a solvent

to the control group during 3 weeks. At the 7th day
since 3rd injection, all the animals were killed by neck
dislocation. All testes were dissected out immediately,
cleaned and processed immediately for following vari-
ous estimations. 

Histological examination of testis tissues

A certain amount of testis samples were taken and cut
into 3 mm×4 mm blocks. After 10% neutral formalin
fixation for 48 h, samples were embedded in paraffin
and 3 μm sections were prepared for HE staining: de-
waxing with xylene, rehydration with graded alcohol
(100%-50%), hematoxylin for 4 min, running tap wa-
ter for 1 min, eosin for 10 min, 70% ethanol for 1 min,
95% ethanol for 1 min, 100% ethanol for 1 min, two
rinses in 100% xylene for 2 min each. Finally, morpho-
logical changes of testis tissues of eight groups were
observed under light microscope (LM).

Determination of activities of T-SOD, GSH-Px and
contents of H2O2, MDA 

Firstly, 10% testis homogenate of mouse were prepar-
ed. Then, activities of T-SOD, GSH-Px and contents
of H2O2, MDA in testis tissue were tested according
to guideline from the corresponding assay kits23.

Elisa assay for Bcl-2 and Bax expression levels

Testis tissues were prepared into a homogenate, dilut-
ed 10 times with distilled water and centrifuged at
3000 r/min for 15 min. And the supernatant was col-
lected for use. Coated wells were washed four times,
mixed with 50μL of enzyme conjugate and incubated
at 37�C for 30 min. The wells were washed five times,
sequentially mixed with 50 μL of chromogenic agent
A and 50 μL of agent B, gently shaken for 30 sec and
colorized in the dark at 37�C for 15 min. The reaction
was terminated with stop buffer. Absorbance of each
well at 450 nm was measured with a microplate reader
(Thermo Fisher Scientific Oy, Finland). The linear re-
gression equation of standard curve was calculated
according to standard sample concentration and the
corresponding absorbance. Sample concentration was
calculated using regression equation according to sam-
ple absorbance. Final concentration was determined
by multiplying the sample concentration by the dilu-
tion multiple5.

DNA ladder assay

The samples in the control, CA group, middle AlCl3

dose group, and middle AlCl3 dose plus CA group were
randomly selected. A certain weight of testis tissue was
taken and cut into small pieces. DNA isolation was
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performed according to the protocol introduced in
DNA Ladder Detection Kit. The extracted DNA was
electrophoresed in 1.2% agarose gel for assaying DNA
fragmentation.

Statistical analysis 

All results were expressed as mean±SD and analyzed
by SPSS version 18.0 (SPSS, Chicago, IL, USA). All
data were analyzed using a one-way analysis of vari-
ance (one-way ANOVA) with least significant differ-
ence (LSD) multiple comparison tests to identify sig-
nificant differences between different groups. A value
of P⁄0.05 was considered statistically significant.
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